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Overview of Radiation Therapy for Treating Rectal Cancer 
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A major outcome of importance for rectal cancer is local control. Parallel to improvements in surgical technique, adjuvant 
therapy regimens have been tested in clinical trials in an effort to reduce the local recurrence rate. Nowadays, the local re- 
currence rate has been reduced because of both good surgical techniques and the addition of radiotherapy. Based on recent 
reports in the literature, preoperative chemoradiotherapy is now considered the standard of care for patients with stages II 
and III rectal cancer. Also, short-course radiotherapy appears to provide effective local control and the same overall sur- 
vival as more long-course chemoradiotherapy schedules and, therefore, may be an appropriate choice in some situations. 
Capecitabine is an acceptable alternative to infusion fluorouracil in those patients who are able to manage the responsibili- 
ties inherent in self- administered, oral chemotherapy. However, concurrent administration of oxaliplatin and radiotherapy 
is not recommended at this time. Radiation therapy has long been considered an important adjunct in the treatment of rec- 
tal cancer. Although no prospective data exist for several issues, we hope that in the near future, patients with rectal cancer 
can be treated by using the best combination of surgery, radiation therapy, and chemotherapy in near future. 
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INTRODUCTION 

Adjuvant treatment of colon cancer is more focused on prevent- 
ing distant metastases because this disease is characterized by 
lower rates of local recurrence. In contrast, neoadjuvant/ adjuvant 
therapy of stage II or stage III rectal cancer often includes locore- 
gional treatment due to the relatively high risk of locoregional re- 
currence. This risk is associated with the close proximity of the 
rectum to pelvic structures and organs, the absence of a serosa 
surrounding the rectum, and technical difficulties associated with 
obtaining wide surgical margins at resection. 

The mainstay of treatment for rectal cancer is surgery. Since, 
Heald et al. [1] demonstrated in 1982 better oncologic outcome 
by using a total mesorectal excision (TME), which resulted in lo- 
cal recurrence rates lower than 5%-10%, the TME has become 
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the standard surgical approach for treating rectal cancer at pres- 
ent. A major outcome of importance for rectal cancer is local con- 
trol. Parallel to improvements in surgical technique, adjuvant 
therapy regimens have been tested in clinical trials in an effort to 
reduce the local recurrence rate. These trials demonstrated that 
the local recurrence was improved because of both good surgical 
techniques and the addition of radiotherapy (RT) [2-4]. 

Currently, although many colorectal surgeons have used RT for 
the treatment of rectal cancer, they have often faced situations in 
which they have to decide whether RT for rectal cancer should be 
performed preoperatively or postoperatively, by short-course or 
long-course, and with or without chemotherapy. Also, if they se- 
lect preoperative radiation therapy, they should decide how to 
evaluate the tumor's response after radiation and when to per- 
form radical surgery. In this review, for better oncologic outcomes 
for the treatment of rectal cancer, the authors discuss the above 
problems based on the published literature and introduce the re- 
sults of recent clinical trials. 

TECHNIQUE OF RADIATION THERAPY FOR 
RECTAL CANCER 

The rectum is defined inferiorly from the lowest level of the ischial 
tuberosities (right or left); it ends superiorly before it loses its 
round shape in the axial plane and connects anteriorly with the 
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sigmoid. Part of the anus may unintentionally be included when 
using this definition, which is of no concern. The AnoRectumSig 
includes the anus, rectum, and rectosigmoid and is a target struc- 
ture in rectal cancer. The mesorectum is also a target structure in 
radiation planning for rectal cancers. With respect to administra- 
tion of RT, multiple RT fields should include the tumor or tumor 
bed with a 2- or 5-cm margin, presacral nodes, and the internal il- 
iac nodes. The external iliac nodes should also be included for T4 
tumors involving anterior structures; inclusion of the inguinal 
nodes for tumors invading the distal anal canal can also be consid- 
ered. In long-course RT, recommended doses of RT are typically 
45 to 50 Gy in 25 to 28 fractions to the pelvis using 3 or 4 fields. 
Any boost clinical target volumes extend to the entire mesorectum 
and the presacral region at the involved levels, including 2-cm 
cephalad and caudad in the mesorectum and 2-cm on a gross tu- 
mor within the anorectum. Positioning and other techniques to 
minimize radiation to the small bowel are encouraged [5]. 

In preoperative short-course RT, the target volume included the 
anal canal, the primary tumor, the mesorectal and the presacral 
nodes, the lymph nodes along the internal iliac artery, the lumbar 
lymph nodes up to the level of the upper border of the fifth lum- 
bar vertebra, and the lymph nodes at the obturator foramen. The 
treatment was, however, not individually planned for each patient; 
rather, the beam limits were defined by anatomic (bony) land- 
marks. It was delivered with three portals with the patient in a 
prone position or with a four-portal so-called box technique with 
the patient lying supine. The cranial beam limits of all beams were 
at the middle of the fourth lumbar vertebra, the caudal 1 cm be- 
low the anal verge, the ventral limits of the lateral beams approxi- 
mately 3.5 cm in front of the promontory, and the dorsal limits 
behind the sacrum. The tumor dose was 25 Gy administered in 5 
fractions over 1 week [2, 6]. 

PREOPERATIVE VERSUS POSTOPERATIVE 
RADIATION 

Advantages that have often been associated with preoperative RT, 
as opposed to RT given postoperatively, are related to both tumor 
response and preservation of normal tissue [7-9]. First of all, re- 
ducing tumor volume may facilitate resection and increase the 
likelihood of a sphincter-sparing procedure [7, 8]. Second, irradi- 
ating tissue that is surgery-naive and thus better oxygenated may 
result in increased sensitivity to RT. Tumor cells are significantly 
more sensitive to an equivalent dose of RT in the presence of oxy- 
gen as opposed to hypoxic conditions [9]. Third, preoperative RT 
can avoid the occurrence of RT-induced injury to the small bowel 
trapped in the pelvis by postsurgical adhesions [7]. Finally, the 
anastomosis remains unaffected by the effects of RT because irra- 
diated tissue is resected. Preoperative RT that includes structures 
that will be resected increases the likelihood that an anastomosis 
with a healthy colon can be performed. However, one disadvan- 
tage of using preoperative RT is the possibility of over-treating 



early-stage tumors that do not require adjuvant RT. Recent im- 
provements in preoperative staging techniques have allowed for 
more accurate staging, but the risk of over-staging the disease has 
not been eliminated [10]. 

An interval analysis at a median follow-up of 1 year of the first 
116 patients enrolled in the NSABP R-03 trial showed an increase 
in sphincter preservation favoring the preoperative arm (44% vs. 
34%), with a similar incidence of postoperative toxicities in pre- 
and postoperative chemoradiotherapy (chemoRT) arms [3]. Wag- 
man et al. [8] demonstrated that preoperative RT allowed sphinc- 
ter preservation in 77% of selected patients who would otherwise 
have required an abdominoperineal resection and that 85% of 
those patients had good to excellent sphincter function. In the 
CAO/ARO/AIO 94 study, Sauer et al. [7] randomly assigned 805 
patients with clinical stage II or III rectal cancer to preoperative or 
postoperative regimens of chemoRT. With a median follow-up of 
4 years, no significant differences between preoperative and post- 
operative chemoRT were reported in the primary endpoint of 
5-year overall survival (OS) (74% vs. 76%, P = 0.32). However, 
treatment compliance (92% vs. 54%; P < 0.001), grades 3-4 acute 
and late toxicity profiles (27% vs. 40%, P = 0.001), tumor (8% vs. 
0%, P < 0.001) and nodal (25% vs. 40%, P = 0.001) downstaging, 
and rates of pelvic recurrence (6% vs. 13%, P = 0.006), all favored 
the preoperative chemoRT arm. In recently published long-term 
follow-up data of this trial, the improvement in local control per- 
sisted, with the 10-year cumulative incidence of local relapse at 
7.1% and 10.1% in the preoperative and the postoperative arms, 
respectively (P = 0.048). Also, in a recent trial, no significant dif- 
ferences were detected for the 10 -year cumulative incidences of 
distant metastases (29.8% vs. 29.6%, P = 0.9), disease-free survival 
(DFS) (68.1% vs. 67.8%, P = 0.65), and OS (59.6% vs. 59.9%, P = 
0.85) [11]. 

Based on above results, preoperative chemoRT is associated 
with enhanced sphincter-preservation, significant tumor and 
nodal downstaging, improved acute and late tolerability, im- 
proved local control, and at least similar survival. Therefore, pre- 
operative chemoRT is now considered the standard of care for 
patients with stages II and III rectal cancer. 

LONG-COURSE OR SHORT-COURSE 
RADIATION 

The best course of neoadjuvant treatment has not yet been deter- 
mined. Many European investigators over the past two decades 
have investigated preoperative RT alone for stages II and III rectal 
cancer, most commonly as a short, high-dose-per-fraction course. 
However, the United States has not adopted a short- course RT ap- 
proach because the potential for late radiation morbidity and ano- 
rectal dysfunction remains a significant concern with hypofrac- 
tionation. In the United States, stage II or higher rectal cancers are 
more commonly treated with preoperative chemoRT consisting of 
4,500 to 5,040 cGy of RT in conjunction with infusion fluorouracil 
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(5-FU) -based chemotherapy. The RT is delivered over a period of 
5 to 6 weeks, and surgery (low anterior resection or abdominal 
perineal resection) is done 6 to 10 weeks after completion of the 
radiation therapy. The combination of preoperative RT (usually 
4,500 to 5,040 cGy) with infusion 5-FU-leucovorin (LV) often re- 
sults in a dramatic reduction in tumor size (or downstaging) and 
may result in an apparent complete eradication of the tumor in up 
to 25% of the cases. Neoadjuvant chemoRT may increase the abil- 
ity of the surgeon to preserve continence by downstaging the can- 
cer, in some cases shrinking tumor size to permit the achievement 
of a cancer-free margin at the distal extent of the resection, when a 
clear margin that will permit an anastomosis in the anal canal can- 
not be achieved without such shrinkage [4, 12-15]. 

In Europe, a short course of RT (25 Gy), followed by extirpative 
surgery (low anterior resection or abdominal perineal resection), 
is the most common approach. Several European studies have 
looked at the efficacy of a shorter course of preoperative RT (25 Gy 
over 5 days), not combined with chemotherapy, for the treatment 
of rectal cancer. In a Swedish rectal cancer trial, the results showed 
a survival advantage and a decreased rate of local recurrence with 
this approach compared with surgery alone [16]. However, a fol- 
low-up study showed that short-course preoperative RT had 
caused relatively increased risk for postoperative hospitalization 
due to bowel obstructions and other gastrointestinal (GI) compli- 
cations [17]. Despite improvements in local control of disease, 
some studies have demonstrated that preoperative short- course 
RT for rectal cancer patients does not affect their overall survival 
significantly [18, 19]. A recent multicenter, randomized study of 
1,350 patients with rectal cancer compared short-course preopera- 



tive RT and no postoperative treatment with no preoperative RT 
and a postoperative approach that included chemoRT in selected 
patients (i.e., those with a positive circumferential margin) and no 
RT in patients without evidence of residual disease following sur- 
gery [20] . Results indicated that patients in the preoperative RT 
arm had significantly lower local recurrence rates and a 6% abso- 
lute improvement in 3-year disease free survival (P = 0.03), al- 
though no difference in overall survival was observed between the 
arms of the study [20, 21] . In a long-term (12-year) follow-up of a 
Dutch TME trial, preoperative short-course RT reduced the 10- 
year local recurrence by more than 50% relative to surgery alone, 
but without an overall survival benefit. This study showed that for 
patients with TNM stage III cancer with a negative circumferential 
resection margin, the 10-year survival was 50% in the preoperative 
RT group versus 40% in the surgery-alone group (P = 0.032). 
However, this long-term follow-up showed that secondary malig- 
nancies and other non-rectal-cancer causes of death were more 
frequent in the RT than in the control group, negating any survival 
advantage in the node-negative subpopulation. Nevertheless, the 
authors concluded that preoperative short-term RT significantly 
improved the 10-year survival in patients with a negative circum- 
ferential margin and TNM stage III cancer [22] . Results from a 
Polish rectal cancer trial showed that short-term RT was as effec- 
tive as long-course chemoRT in the aspects of local recurrence and 
survival [23] . Similarly, in the Trans-Tasman Radiation Oncology 
Group Trial 01.04 that randomized 326 patients to short-course 
RT or long-course chemoRT, the 3-year local recurrence rates (cu- 
mulative incidence) were 7.5% for short-course RT and 4.4% for 
long-course chemoRT (P = 0.240). The 5-year distant recurrence 



Table 1. Oncologic outcomes of short-course radiation therapy and long-course chemoradiotherpay 



Study 


Modality 


Interval 


OS 


CSS 


DFS 


LC 


Late toxicity 


Swedish rectal cancer trial 


SCR + surgery 


5 yr 


58% 


74% 




11% 


Increased readmission 


(1 997 & 2005) [17] 


Surgery alone 




48% 


65% 




27% 


rate in SCR group 




P-value 




0.004 


0.002 




<0.001 




Dutch TME trial (2007) [18] 


SCR + TME 


5 yr 


64.2% 


75.4% 




5.6% 






TME alone 




63.5% 


72.4% 




10.9% 






P-value 




0.902 


0.260 




<0.001 




MRC CR07 & NCIC-CTG C016 


SCR + surgery 


5 yr 


70.3% 




73.6% 


4.7% 




(2009) [20] 


Surgery + postoperative LCR 




67.9% 




766.7% 


11.5% 






P-value 




0.400 




0.013 


<0.0001 




Dutch TME trial (2011) [22] 


SCR + TME 


10 yr 


48% 


72% 


74% 


5% 






TME alone 




49% 


69% 


68% 


11% 






P-value 




0.86 


0.200 


0.030 


<0.0001 




Bujko et al. (2006) [23] 


SCR + surgery 


4 yr 


67.2% 




58.4% 


9.0% 


10.1% 




LCR + surgery 




66.2% 




55.6% 


14.2% 


7.1% 




P-value 




0.960 




0.820 


0.170 


0.360 


Nganetal. (2012) [24] 


SCR + surgery 


5 yr 


74% 




64.9% 


7.5% 


5.8% 




LCR + surgery 




70% 




60.3% 


4.4% 


8.2% 




P-value 




0.620 




0.470 


0.240 


0.530 



SCR, short-course radiotherapy; TME, total mesorectal excision; LCR, long-course chemoradiotherapy; OS, overall survival; CSS, cancer-specific survival; DFS, disease- 
free survival; LC, local recurrence rate. 
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rates were 27% for short-course RT and 30% for long-course 
chemoRT (P = 0.920). The overall survival rates at 5 years were 
74% for short-course RT and 70% for long-course chemoRT (P = 
0.620). The late toxicity rates were not substantially different (P = 
0.530) [24]. Additionally, results from an interim analysis of the 
Stockholm III trial showed that short-course RT in combination 
with delayed surgery was feasible and had a downstaging effect 
[25]. Based on the above results, short-course RT appears to pro- 
vide effective local control and the same OS as more long-course 
chemoRT schedules and, therefore, may be an appropriate choice 
in some situations. Table 1 shows a brief summary of the oncologic 
outcomes of the above trials. 

CONCURRENT CHEMORADIATION 
THERAPY 

In the early 1990s, preoperative RT was considered in most Euro- 
pean countries as the standard treatment for T3-4 rectal cancers. 
Conversely, a National Institutes of Health Consensus Conference 
stated that postoperative chemoRT should be regarded as the 
standard treatment for patients with stages II and III rectal cancer. 
Thus, the evaluation of concurrent chemotherapy and RT had be- 
come an attractive field of research. The putative benefits of the 
addition of chemotherapy concurrent with either pre- or postop- 
erative RT include local RT sensitization and systemic control of 
disease (eradication of micrometastases). Also, preoperative 
chemoRT has the potential to increase the rates of pathologic 
complete response and sphincter preservation [26-32]. 

In 1993, the European Organisation for Research and Treatment 
of Cancer (EORTC) initiated a four-arm, randomized trial (EORTC 
22921) to examine the value of preoperative chemoRT versus pre- 
operative RT alone and the value of additional chemotherapy ver- 
sus none with respect to overall survival and progression-free sur- 
vival. In preliminary results, after preoperative chemoRT, tumors 
were smaller (P = 0.0001), had less advanced pT (P = 0.001) and 
pN stages (P = 0.001), had small numbers of examined nodes (P = 
0.046), and had less frequent lymphovascular or perineural inva- 
sions (P = 0.008). Mucinous tumors increased after preoperative 
chemoRT (P = 0.001) [27]. However, more mature results from 
EORTC 22921 showed no significant difference in OS between 
the groups that received chemotherapy preoperatively (P = 0.840) 
and those that received it postoperatively (P = 0.120), and the 
5-year cumulative incidence rates for local recurrences were 8.7%, 
9.6%, and 7.6% in the groups that received chemotherapy preop- 
eratively, postoperatively, or both, respectively, and 17.1% in the 
group that did not receive chemotherapy (P = 0.002). The authors 
indicated that, in patients with rectal cancer who receive preoper- 
ative RT, adding 5-FU-based chemotherapy preoperatively or 
postoperatively had no significant effect on survival. However, 
they concluded that chemotherapy, regardless of whether it was 
administered before or after surgery, conferred a significant benefit 
with respect to local control [28]. The FFCD 9203 trial for patients 



with T3-4 rectal cancer without evidence of distant metastases 
showed no difference in sphincter preservation between the pre- 
operative RT alone and the preoperative chemoRT with 5-FU/LV 
groups. However, complete sterilization of the operative specimen 
was more frequent with chemoRT (11.4% vs. 3.6%, P = 0.050). 
The 5-year incidence of local recurrence was lower with chemoRT 
(8.1% vs. 16.5%; P = 0.050), but the 5-year OSs in the two groups 
were not different [29]. Also, some systematic reviews [30-32] 
concluded that the addition of chemotherapy to preoperative RT 
enhanced the pathologic response and improved local control, but 
had no effect on DFS and OS. 

Many chemotherapy regimens have been examined in the adju- 
vant therapy of rectal cancer, although virtually all have been 
based on 5-FU. A previously-reported GI intergroup trial of con- 
tinuous-infusion 5-FU during radiation therapy in an attempt to 
maximize local control demonstrated no significant improvement 
in local tumor control, but statistically- significant improvements 
in DFS and OS compared with bolus 5-FU [33]. However, most 
of the patients in that study had node-positive disease. On the 
other hand, the final reports of the Intergroup 0114 [34] and the 
GI INT 0144 [35] trails demonstrated that similar outcomes with 
respect to OS and relapse-free survival were observed when an 
infusion 5-FU or bolus 5-FU/LV was administered concurrently 
with postoperative RT. Till now, there has been no clinically- 
meaningful difference in outcome based on FU-only dose sched- 
ule. Also, whether 5-FU is biochemically modulated by LV or ad- 
ministered as protracted venous infusion during part of or the en- 
tirety of treatment, outcomes were equivalent. 

When postoperative chemoRT is recommended, a "sandwich" 
approach in which chemotherapy (typically 5-FU-based) is ad- 
ministered before and after the chemoRT regimen may be com- 
monly used [33, 34, 36]. This is because postoperative pelvic radi- 
ation may compromise the colorectal or coloanal anastomosis 
and the function of the neorectum. 

Addition of capecitabine 

Capecitabine is an oral fluoropyrimidine derivative that is as effec- 
tive as 5-FU plus folinic acid for adjuvant treatment of stage III co- 
lon cancer [36] . It is also not inferior to infusion 5-FU in combina- 
tion with oxaliplatin for first-line treatment of metastatic colorec- 
tal cancer [37]. Recent studies have shown that capecitabine is 
equivalent to 5-FU in perioperative chemoRT therapy. Sanghera 
et al. [38] found similar pathologic complete response rates with 
capecitabine (17%) and infusion 5-FU (20%) in a meta-analysis of 
71 trials with a total of 4,732 patients. In 2012, one randomized 
trial in which 401 patients with stage II or III rectal cancer re- 
ceived capecitabine or 5-FU-based chemoRT either pre- or post- 
operatively showed that capecitabine was not inferior to 5-FU in 
perioperative chemoRT therapy [39]. The 5-year OS in the 
capecitabine group was not inferior to that in the 5-FU group 
(76% in the capecitabine group vs. 67% in the 5-FU group, nonin- 
feriority P = 0.0004). The effect of capecitabine relative to 5-FU 
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was noted for both cohorts, although it was slightly smaller in the 
neoadjuvant cohort than in the adjuvant cohort (hazard ratio 
[HR], 1.28; 95% confidence interval [CI], 0.69-2.37 vs. HR, 1.62; 
95% CI, 0.92-2.86, respectively). Furthermore, in that study, the 
3-year DFS was higher in the capecitabine group than in the 5-FU 
group (75% vs. 67%, P = 0.070) [39]. Based on the above results, 
capecitabine is an acceptable alternative to infusion 5-FU in those 
patients who are able to manage the responsibilities inherent in 
self-administered, oral chemotherapy. 

Addition of oxaliplatin 

With optimized local treatment, which can be achieved with pre- 
operative RT or chemoRT and TME surgery, local recurrence 
rates have been markedly reduced. Another main cause for failure 
in the treatment of rectal cancer is distant metastases. Any im- 
provement in overall survival will require better control of sys- 
temic disease while keeping the rate of local recurrences below 
5%-10%. Along these lines, several randomized trials have ad- 
dressed the addition of oxaliplatin to the chemotherapy regimen. 
The National Surgical Adjuvant Breast and Bowel Project 
(NSABP) Trial R-04 compared protracted venous infusion 5-FU 
with capecitabine for preoperative treatment of rectal cancer. Ad- 
dition of oxaliplatin to either regimen was investigated using a 
two-by-two factorial design. Preliminary data showed that no dif- 
ferences in the pathologic complete response rates, numbers of 
sphincter-saving surgery, or surgical down-stagings were seen be- 
tween regimens with capecitabine and with 5-FU while toxicity 
was increased with the inclusion of oxaliplatin [39]. 

In the pathologic results of the STAR-01 trial, grades 3 to 4 ad- 
verse events during preoperative treatment were more frequent 
with oxaliplatin plus 5-FU and RT than with RT and 5-FU alone 
(24% vs. 8%, P < 0.001) while there were no differences in the 
sphincter-saving rates, the numbers of pathologically positive 
lymph nodes, the tumor depths, or the pathologically positive cir- 
cumferential margins. That study reported that adding oxaliplatin 
to fluorouracil-based preoperative chemoRT significantly in- 
creased toxicity without affecting primary tumor response. The OS 
which is the primary end point of the study will be reported in the 
future [40]. 

The ACCORD 12 trial, in which chemoRT with capecitabine 
was compared to chemoRT with capecitabine and oxaliplatin, 
showed that at 3 years, there were no significant differences in cu- 
mulative incidences of local recurrence (6.1% vs. 4.4%), OS (87.6% 
vs. 88.3%), and DFS (67.9% vs. 72.7%, P = 0.390) [41]. The initial 
results of the German CAO/ARO/AIO-04 randomized phase 3 
trial also assessed the addition of oxaliplatin to a 5-FU RT regimen. 
In contrast to other trials, that study demonstrated that a patho- 
logical complete response was achieved in 103 of 591 patients 
(17%) who underwent surgery in the 5-FU and oxaliplatin group 
and in 81 of 606 patients (13%) who underwent surgery in the 
5-FU group (P = 0.038). However, that finding might have resulted 
from the differences in the 5-FU schedule between the arms, and 



long-term follow-up is needed to assess the DFS [42] . Based on the 
above results, concurrent administration of oxaliplatin and RT is 
not recommended at this time. 

Addition of targeted agents 

The epidermal growth factor receptor (EGFR) -targeted monoclo- 
nal antibodies cetuximab and panitumumab have shown efficacy 
as monotherapy in phase III studies in patients with chemother- 
apy-refractory metastatic colorectal cancer [43-45]. Preliminary 
data suggest that EGFR-targeted agents in combination with RT 
may be synergistic as RT increases EGFR expression within tu- 
mor cells while EGFR blockade sensitizes the cells to the effects of 
RT [46, 47]. In the setting of locally advanced head and neck can- 
cer, addition of cetuximab to RT enhanced locoregional control 
and survival [48, 49] . In the multicenter randomized phase II EX- 
PERT-C trial, a significant improvement in OS was seen in pa- 
tients with KRAS exon 2/3 wild-type tumors treated with cetux- 
imab (P = 0.034). However, in those patients, the addition of ce- 
tuximab did not improve the primary endpoint of complete re- 
sponse (P = 1.000); further evaluation of this regimen is war- 
ranted [50]. Another randomized phase II trial, SAKK 41/07, 
evaluated the efficacy and the safely of panitumumab in combi- 
nation with capecitabine and external beam RT as a neoadjuvant 
regimen for patients with wild-type KRAS locally advanced rectal 
cancer. In that study, although the addition of panitumumab to 
neoadjuvant chemoRT in patients with KRAS wild-type rectal 
cancer resulted in a high pathologic nearly complete or complete 
rate, it increased toxicity [51]. Thus, more well-designed and 
large- scaled research on the addition of targeted agents to the 
chemoRT regimen required. 

EVALUATION OF TUMOR RESPONSE TO 
RADIATION THERAPY AFTER 
PREOPERATIVE RADIATION 

Although pretreatment staging is the standard for planning the 
treatment regimen for patients with rectal cancer, pathologic stage 
may be the better prognostic determinant of cancer-related sur- 
vival. Therefore, improving the understanding of tumor response 
in the natural history of rectal cancer on the basis of postchemoRT 
pathology will provide practical information for patients and 
practitioners who are considering prognosis or who are planning 
adjuvant treatment. Many investigators demonstrated that 50%- 
60% of patients are down-staged following preoperative therapy, 
with 10%-30% of patients showing a pathologic complete re- 
sponse [52-58]. 

The response after preoperative chemoRT in rectal cancer pa- 
tients may be associated with their oncologic outcomes. One 
study in the United State reported that patients who failed to re- 
spond to preoperative 5-FU-based chemotherapy given concomi- 
tantly with RT had higher rates of distant metastases with adju- 
vant 5-FU therapy [59]. Another retrospective study demon - 
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strated that the pathologically determined response to preopera- 
tive treatment correlated with long-term outcomes. In that study, 
the 5-year recurrence-free survival rates were 90.5%, 78.7%, and 
58.5% for patients with complete, intermediate, and poor re- 
sponses, respectively (P < 0.001). Distant metastases and local re- 
currences also correlated with the level of response [56]. In the 
MERCURY trial, magnetic resonance imaging (MRI)- assessed 
tumor regression grade was significantly associated with overall 
and disease free survival [60] . Preoperative treatment response 
may serve as not only an indicator of prognosis but also an indica- 
tor of subsequent response to the same chemotherapeutic agents 
used for radiosensitization among patients with good responses 
and of the need for expanded therapeutic options for patients with 
poor response [28, 52] . Controversy exists as to whether adjuvant 
chemotherapy should be required for patients with good response 
to preoperative chemoRT. One study reported that in patients 
with ypNO status, the continuation of adjuvant chemotherapy did 
not improve the prognosis because the prognosis was excellent in- 
dependent of the adjuvant chemotherapy [55]. However, a sub- 
group analysis of the EORTC 22921 trial showed that patients 
down-staged to ypTO-2 were more likely to benefit from adjuvant 
chemotherapy than patients with ypT3-4 staging [52]. Much to 
our regret, there are no prospective data to predict the benefit of 
adjuvant therapy in patients with tumor downstaging or a patho- 
logic complete response. 

Recently, some reports in the literature have questioned whether 
routine imaging for restaging after preoperative chemoRT is 
needed or not. Most studies have found that neither positron- 
emission tomography- computed tomography (PET-CT), nor 
MRI, nor CT can accurately determine a pathologic complete re- 
sponse [61-63]. Radiological modalities for staging primary rectal 
tumors include (CT), endorectal ultrasound (ERUS), and pelvic 
MR images. At present, fluorine- 18-fluorodeoxyglucose PET is 
widely used in colorectal cancer staging because of its good sensi- 
tivity in detecting abnormal metabolism of cancer cells [61]. 
However, many investigators have demonstrated that the accu- 
racy of restaging with imaging modalities, including CT, ERUS, 
MRI, or PET-CT, after chemoRT is very low [62]. They proposed 
that the low accuracy after chemoRT might be attributed to the 
effects of radiation on the rectal wall or to alterations of the histo- 
pathologic morphology in and around the tumor site. Marked fi- 
brosis of the bowel wall resulting from radiation is easily overesti- 
mated by images. Another reason for these results might be the 
peritumoral desmoplastic reaction. Peritumoral infiltration with 
inflammatory cells or vascular proliferation is found in and 
around the tumor site. These alterations in histopathologic mor- 
phology were correlated with perilesional enhancement by im- 
ages, often leading to stage overestimation [63]. However, a need 
exists to restage tumors for a less invasive approach. Downstaging 
may permit sphincter- or even organ-preserving approaches that 
include diligent surveillance without resection [64-69]. Local tu- 
mor upstaging may necessitate more aggressive procedures, such 



as a multivisceral resection or pelvic exenteration [70, 71]. 

In 2004, Habr-Gama et al. [72] retrospectively compared the out- 
comes of 7 1 patients who were observed without surgery following 
a complete clinical response to the outcomes of 22 patients who 
had incomplete clinical responses but complete pathologic re- 
sponses after a TME. With re-evaluation using proctoscopy exam- 
ination by an experienced colorectal surgeon, the absence of sig- 
nificant residual ulcer or positive biopsies performed during proc- 
toscopy were considered as a clinical complete response. The OS 
and the DFS rates at 5 years were 100% and 92% in the nonopera- 
tive group compared to 88% and 83% in the surgery group. In 
2011, a prospective study that used very strict criteria, including 
MRI and endoscopy plus biopsies, to determine the clinical com- 
plete response was published. In that study, only one patient of 21 
patients with clinical complete responses who were then observed 
with careful follow-up developed a local recurrence after a mean 
follow-up of 25 months; that patient underwent successful salvage 
surgery. The cumulative probabilities for the 2-year DFS and OS 
rates were 89% and 100%, respectively, in the wait-and-see group 
and 93% and 91% in the 20 patients with a complete pathologic re- 
sponse after resection [73]. 

Despite their impressive results, many investigators still believe 
that longer follow-up, larger sample sizes, and additional careful 
observational studies are needed before patients with a clinical 
complete response are routinely managed by a wait-and-see ap- 
proach. The rationale of a 'wait-and-see policy relies mainly on 
retrospective observations from a single series. Proof of principle 
in small, low rectal cancers, where clinical assessment is easy, 
should not be extrapolated uncritically to more advanced cancers 
where nodal involvement is common. Long-term prospective ob- 
servational studies with more uniform inclusion criteria are re- 
quired to evaluate the risk versus benefit. 

THE OPTIMAL TIMING OF SURGERY AFTER 
PREOPERATIVE RADIATION 

One of the unresolved questions concerning preoperative chemoRT 
for rectal cancer is the timing of surgery. The colorectal surgeon is 
faced with a dilemma of having to choose between offering imme- 
diate radical surgery and interrupting possible ongoing necrosis 
and further tumor downstaging or offering the possibility of com- 
plete tumor regression and nonsurgical management, but with the 
risk of significantly delaying necessary radical surgery. Therefore, 
evaluating the outcomes of patients managed by using delayed sur- 
gical therapy is fundamental to determine the safely and the poten- 
tial benefits or harms of this treatment strategy. In terms of tumor 
downstaging, the Lyon trial showed increased downstaging in the 
group of patients with delayed RT-to-surgery interval (6-8 weeks 
from the end of preoperative RT), although this finding did not 
lead to significantly increased sphincter-preservation rates [74]. Al- 
though longer intervals have been shown to be associated with an 
increase in pathologic complete response rate, whether such longer 
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intervals area associated with clinical benefit is unclear [74-78]. 
Specific reasons may exist for planning a resection at a shorter or a 
longer interval from end of radiation. A large, bulky tumor showing 
a good response at evaluation at the end of radiation may be a rea- 
son for postponing the resection whereas a progressive disease 
would necessitate early surgery. Although monitoring the tumor 
response is difficult, response monitoring may be helpful for tailor- 
ing patient management regarding the timing of surgery [77]. Es- 
pecially, this may be helpful for identifying progressive disease re- 
quiring early surgery. In general, for patients treated with preopera- 
tive chemoRT, most surgeons recommend an interval of 5 to 12 
weeks following the completion of full-dose chemoRT (45-50 Gy) 
prior to surgical resection in order to allow the patient to recuperate 
from chemoRT-associated toxicities. 

CONCLUSION 

Radiation therapy has long been considered an important adjunct 
in the treatment of rectal cancer. Based on reports published in 
the literature, preoperative chemoRT may be better than postop- 
erative chemoRT in the aspects of local control and sphincter 
preservation, short-course RT may be equivalent to long-course 
chemoRT in the aspect of oncologic outcome, and concurrent 
chemoRT maybe superior to RT alone in the aspect of long-term 
survival. Although no prospective data on several issues exist, we 
hope that in the near future, patients with rectal cancer will be 
treated by using the best combination of surgery, radiation, and 
chemotherapy. 
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